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Summary 
This report presents the results of an economic evaluation of establishing new forage alternatives 
in cattle systems in Kenya and Ethiopia. In Kenya, we evaluated the inclusion (intervention scenario 
IN) of the grasses Panicum maximum cv. Maasai and Brachiaria hybrid cv. Mulato II, and in 
Ethiopia, Bachiaria hybrid cv. Mulato II and Brachiaria mutica. The evaluated forages are 
presented as alternatives to the traditionally used technologies based on their improved biomass 
availability during dry season, better biomass quality and general quantity. The results of the 
economic evaluation were contrasted with the traditional technologies used by the producers in 
each country (base scenario or farmer practice scenario FP). The analysis makes use of data at a 
technical level collected in the field over five weeks in 2020, where milk production was measured 
on 18 farms in three counties in western Kenya (Bungoma, Busia, Kakamega) and on 17 farms in 
three districts (woredas) in southern Ethiopia (Damot Gale, Damot Woyde and Soddo Zuria). The 
analysis made use of a discounted free cash flow model, the estimation of financial indicators and 
a sensitivity analysis of the results. It considered a typical farm as unit of analysis for each country. 
On the one hand, for Ethiopia, the results indicate that the integration of the new technologies 
would improve daily cow milk production by 11% and reduce the calving interval by 30%, and thus, 
improve the amount of milk produced per year as well as the gross income from milk sales by 60% 
each. The results indicate that the investment in the establishment of the suggested grasses under 
the IN scenario is profitable, with an average Net Present Value (NPV) of US$ 1,586 and an Internal 
Rate of Return (IRR) of 29%. The performed risk analysis suggests that the possibility of obtaining 
economic losses reduces from 97.4% in the basic scenario (FP) to 16.2% in the intervention 
scenario (IN). On the other hand, in Kenya, the introduction of new forage alternatives (IN) would 
increase milk production by up to 9.5% and reduce the calving interval by around 15% compared 
to the basic scenario (FP). This leads to an increase in the amount of milk produced of more than 
four times. However, the economic and financial indicators are negative for both scenarios in 
Kenya. This is associated with the high labor and feeding and supplementation costs, resulting in 
elevated total production costs. 
1 Introduction 
The cattle subsector in East Africa is one of the key activities in the agriculture and livestock sector, 
contributing strongly to the livelihoods of the rural population and, above all, smallholder 
producers. The sector provides income and food to the farmers but also inputs to produce crops 
(e.g., draught power). Additionally, it contributes to increasing resilience and has a strong cultural 
and social standing within the countries’ societies. The region, according to prognostics, will 
experience strong regional economic growth, leading to higher per capita incomes of the 
population and an increasing demand for higher-priced products, such as animal source foods. 
This puts the sector in a difficult position since the demand is in many cases already outpacing the 
production capacities, but it also provides opportunities, i.e., for the rural poor and smallholder 
producers, to step in and provide the required products.  
The sustainable intensification of the East African dairy systems with high-quality forage and 
livestock feed can help to close feed shortages (especially during dry seasons and drought) and 
increase productivity levels. Several forage options and diets were evaluated in the region for their 
agronomic performance and effects on animal productivity and a set of best-bet options was 
selected for further diffusion among the farmers. Nevertheless, adoption rates of such 
technologies are usually low in the region, which is related to a broad set of reasons, such as lack 
of extension services, uncertainties on land ownership, lack of capital, limited access to seed and 
planting material, requirements of a different skill set and cattle farming culture, or higher labor 
intensity. In this context, the provision of adequate information on well-suited and financially 
profitable forage grass options and the access to extension services have been identified as crucial 
elements for increasing adoption levels. To reach more producers and higher adoption levels, it is 
crucial to generate in-depth agronomic (through field trials) and economic (through cost-benefit 
analysis) information for each of the targeted forage alternatives and forage-based livestock 
systems.  
The aim of this study is to close the knowledge gap regarding economic information on the 
profitability of different forage options for the region, particularly for Western Kenya and Southern 
Ethiopia. For this, we conducted a profound economic analysis in each region where we compared 
a traditional feeding scenario with an improved intervention scenario (based on the use of 
improved forages). We provide an overview on different economic indicators, such as Net Present 
Value and Internal Rate of Return, that help farmers and other stakeholders (e.g., extensionists, 
investors, banks) in making informed decisions regarding the adoption of new feeding options.  
2 Materials and methods 
2.1 Ethiopia: Evaluated technologies  
We evaluated the use of the improved grasses Bachiaria hybrid cv. Mulato II and Brachiaria mutica 
in smallholder cattle systems in the highlands of Southern Ethiopia. The inclusion of these grasses 
is defined as the intervention scenario (IN), whose objective is to improve the quality and 
availability of feed during the dry season and periods of drought in the area. The IN scenario is 
contrasted against a traditional feeding system, based on the use of Napier grass and crop 
residues. This is referred to as Farmer Practice, or FP. Table 1 presents the composition of the diet 
for both scenarios. The main difference is the share of improved forages in the total diet in the 
different seasons. This means that the share of improved forages in the total diet in the dry season 
increases by 100% (from 0.5kg/AU/d in the FP scenario to 1 kg/AU/d in the IN scenario), while the 
use of crop residues is reduced by 6%. In the rainy season, the share of traditional grasses is 
reduced (by 13%) and the use of improved forages increased (by 50%). 
Table 1. Composition of the diets under the IN and FP scenarios in Ethiopia 













Concentrates Low grade grains 0.5 0.5 0.5 0.5 
Crop residues Wheat, teff, 
barley straws, and 
maize stover 









cv. Mulato II, 
Brachiaria mutica, 
Desho grass 
1 1.5 0.5 1 
Table 2 presents the technical data for both scenarios IN and FP. These measurements indicate that 
under the IN scenario, biomass production and nutritional quality (i.e., crude protein content of >18%) 
are higher, resulting in an improvement of the milk production parameters per animal by an average 
of 11%. Likewise, the improvement in the quality of the feed leads to a reduction in the calving interval 
of on average 30%. Among other additional benefits, these materials can also be conserved as hay or 
silage to be used in the dry season, reducing the use of concentrates and supplements. Nevertheless, 
the IN scenario also has weaknesses, such as the slow establishment in the case of Brachiaria hybrid 
cv. Mulato II and the presence of pest (red spider mite) during the dry season. 
Table 2. Nutritional quality, biomass production and animal response for the IN and FP scenarios 





Crude Protein (%) 12-18 6-10 
In Vitro Dry Matter Digestibility 
(IVDMD) (%) 
57 50 
Dry Matter (DM) production DM (tons/ha/y) 12-18 10-12 
Animal Response 
Milk production (l/AU/d) 5.28 4.75 
Duration of lactation (d) 305 305 
Calving interval (d) 511 730 
Other characteristics Resistance to pests and diseases 
Susceptible to pests 
and diseases 
Resistant to pests 
and diseases 
2.2 Kenya: Evaluated technologies  
We evaluated the use of the improved grasses Panicum maximum cv. Maasai and Brachiaria 
hybrid cv. Mulato II in Kenyan smallholder dairy systems, as a strategy to improve forage 
availability in the dry season. The inclusion of these forages defines the intervention scenario (IN), 
which is contrasted with a basic scenario with traditional feeding practices (FP). In the FP scenario, 
producers depend primarily on local feed resources, such as backyard grazing, crop residues, post-
crop grazing, crop thinning, weeds, and some complementary feeds. The use of cultivated forages 
is limited. Specifically, the difference between both scenarios (IN and FP) is defined by the 
composition of the animal diet (Table 3). That is, in the dry season the use of hay and crop residues 
for animal feed is reduced by more than 50% in the IN scenario compared to the FP scenario, while 
the improved forages Panicum maximum cv. Maasai and Brachiaria hybrid cv. Mulato II are 
included in the diet at a quantity of 5-7 kg/AU/d. 
















Supplements Salt 0.05 0.05 0.05 0.05  
Hay or silage Hay  2 1 0.5 0.5  
Crop residue 
Maize stover, rotten 
maize grain 
3-5 2 5-7 3 
 
Natural grasses (fresh cut) 
Mixed: Kikuyu, 
Cynodon dactylon 
1 1-2 0.5 1-2 
 
Improved forages (fresh cut) 
Panicum maximum 
cv. Maasai and 
Brachiaria hybrid cv. 
Mulato II, green 
maize thinning 
3 5-7 2 2 
 
Table 4 presents the technical data for both scenarios IN and FP. In both scenarios, milk production 
was evaluated under a dual-purpose system. According to the results of the technical evaluation, 
the inclusion of the improved forages in the IN scenario allows to improve the nutritional quality 
parameters and, therefore, daily milk production. Also, a reduction in the calving interval of 14% 
is estimated when compared to the FP scenario. Among other additional benefits, these materials 
can also be conserved as hay or silage to be used in the dry season, reducing the use of 
concentrates and supplements. 






Crude Protein (%) 12-18 9-11% napier grass 
In Vitro Dry Matter Digestibility 
(IVDMD) (%) 
56.5 53.5 
Dry Matter (DM) 
production 
DM (tons/ha/y) 12 12.5 
Animal Response 
Milk production (l/AU/d) 8.1 7.4 
Duration of lactation (d) 305 305 
Calving interval (d) 547 639 
Other characteristics Resistance to pests and diseases 
Not resistant to spider 
mite 
Not resistant stunt 
and smut 
2.3 Cost-benefit Analysis  
A cost benefit analysis was performed to estimate the profitability of adopting new forage 
technologies at the farm level. For this, a discounted free cash flow model was used and economic 
and financial indicators for measuring the economic viability of an investment were estimated. 
Two profitability indicators were evaluated, namely the Net Present Value (NPV) and the Internal 
Rate of Return (IRR). The NPV is the incremental flow of net benefits produced by the different 
alternatives during a defined evaluation period, while the IRR is the discount rate that makes the 
present value of the flow of future net benefits exactly equal to the initial investment, equaling 
the NPV to zero. On the other hand, the following economic indicators were also estimated: gross 
income, net profit, production costs, and unit production costs. The cash flows and estimation of 
the indicators were constructed for both scenarios (IN and FP) for each country. 
The cash flow allows ordering and synthesizing the sequence of income, costs and investments 
associated with the evaluated technologies. Specifically, three main types of costs were evaluated 
and incorporated: Initial investment, maintenance, and operation costs. The investment cost 
refers to the establishment of the forage alternatives, assuming an area per farm of 490m2 in 
Ethiopia and 600m2 in Kenya. To guarantee the persistence of the materials on the farm, annual 
maintenance costs are assumed for fertilization, weed control, harvesting, and cutting of the 
grasses. The operating costs include the costs of feeding and animal supplementation, family and 
occasional labor for animal care, sanitary costs, and miscellaneous cost (which include e.g., 
transportation costs for input purchase and final product sales). These costs were estimated on 
an annual basis. The benefits are derived from the production of milk, and the sale of weaned 
calves in a dual-purpose system. 
To determine the sensitivity of the results, a risk analysis was performed using the software @Risk 
(Paladise Corporation). For this, the main random variables were identified (those that can have 
more than one possible value), and the possible range values for each one, and a Monte Carlo 
simulation was carried out with @Risk (Palisade Corporation, 2013). These variables were 
identified according to their potential to generate changes on the economic viability indicators of 
the farms, and include, for example, sales prices (price per liter of milk and kg of live weight of 
calves), average milk productivity levels (l/AU/day), and the calving rate. 5,000 iterations were 
performed at a 95% confidence level. The results of the simulation allow to obtain the probability 
density of the NPV indicator, allowing to identify the different range values that this indicator can 
take, and the probability of success of the investment. Success of the investment is defined as the 
proportion of positive results from all interactions, and if the NPV>0, the project is economically 
viable. Incorporating in this way variability and uncertainty in the calculation of the economic 
indicators, helps in avoiding underestimation of the risk the adoption of the forage alternatives 
can bring. Additionally, a sensitivity analysis was performed using a tornado graph, which disturbs 
each variable to measure their impacts on the profitability indicators. This is done to identify within 
the variables defined as critical, those with the greatest effects on the profitability indicators. 
We assume that the materials evaluated in the IN scenario are managed under adequate 
conditions in terms of fertilization and weed control, guaranteeing their persistence over time. In 
this case, the annual productivity loss rate, in terms of biomass production, would vary only 
between 3-4%. In the case of improper management, however, annual productivity loss rates can 
reach up to 15%. In that case, the lack of forage availability associated with these management 
scenarios implies an increase in animal supplementation costs resulting from forage purchase 
from other farms. In Ethiopia, the cost of one kg of DM in the market is assumed to be 10 BIRR, 
and in Kenya 20 KES. 
2.4 Assumptions  
For the construction of the cash flow it is necessary to define different economic and technical 
assumptions. 
2.4.1 Economic assumptions  
• An evaluation horizon of 10 years was established, according to the average productive life 
of the new forage alternatives. 
• Constant prices were assumed for the projection of income and costs. 
• The following exchange rates for 2021 were assumed: KES/US$=108.2 (Kenya) and 
BIRR/US$=44 (Ethiopia). 
• The annual real cash flow discount rate to calculate the NPV was 12% for Ethiopia (Ng'ang'a 
et al., 2020) and 12% for Kenya, according to the interest rate offered to small producers 
by different financial banks. 
• Permanent labor (family or hired) need was established for Ethiopia according to the 
activities and annual wages required per activity (e.g., milking, animal management) (Diro 
et al., 2019). The values were brought to the year 2021 assuming a labor productivity rate 
of 3.3% (Roser, 2013) plus the annual inflation rate. For Kenya it was established according 
to the number of man hours hired (occasional and fixed) and family labor used in milk 
production systems of small producers according to Staal et al. (2003). 
• The composition of the herd and the total number of animals varies from year to year 
according to the projection of the inventory over a period of ten years. This projection was 
made starting from an initial inventory and considering the technical parameters in each 
scenario (IN and FP), and according to the productive orientation and restrictions on the 
availability of area and feed. This exercise made it possible to determine the annual milk 
production volumes and the number of animals sold each the year per category. Animal 
health and feeding costs were also determined for each year, according to the composition 
and number of animals. 
• The levels of investment in the establishment and maintenance of the new forage 
alternatives were determined according to the area established with the interventions in 
each study region (490m2 in Ethiopia and 600m2 in Kenya). 
• Inputs supplied by producers were valued at market opportunity cost, including unpaid 
family labor. The opportunity cost principle was also applied to other inputs produced and 
used on-farm (e.g., crop residues). 
  
2.4.2 Technical assumptions Kenya  
• Average farm size 1 acre (equivalent to 0.4 ha). 
• The dual-purpose cattle system is mainly oriented towards milk production and only 
marginally towards beef production. Producers have a mixed system with crops (e.g., corn, 
cassava, sweet potato, tea). 
• The animal feeding system is based on Napier grass and corn residues. Grass is provided 
as cut and carry alternative. 
• Production systems depend on rain and, as a result, farmers face regular feed shortages 
during the dry season. Additionally, limited land for cultivation also means that some 
producers face year-round feed shortages. 
• This study assumes the case of a smallholder producer (which represents around 80% of 
the 1.8 million dairy producers in the country) with an average of 2 lactating cows per farm. 
• Average cow milk production per day was assumed to be 7.4 liters, according to technical 
evaluations for the FP scenario. 
• Male calves are sold before weaning with an average weight of 40 kg and at a price of 1,500 
KES (US$ 13). 
• The predominant cattle breeds are indigenous breeds: Ankole and local Zebu. 
• A 3% mortality rate in adult cows is assumed following Ojango et al., (2012) 
• A milk price of KES 35 (US$ 0.32) per liter and variations in the price of ± 30% are assumed 
(Kashangaki and Ericksen, 2018). 
2.4.3 Technical assumptions Ethiopia 
• Cattle plays a key role as a source of draught power for agriculture, cash income and as 
food source. 
• The dual-purpose cattle system is mainly oriented towards milk production and less 
towards beef production. Producers have a mixed system with crops (e.g., corn, cassava, 
sweet potato, tea). 
• The average size of the farms is 1 acre (equivalent to 0.4 ha) and producers have an average 
of 2 lactating cows per farm with daily average milk yields of 4 liters. 
• The average cattle inventory on a smallholder producer's farm includes four animals 
distributed in the following categories: two lactating cows, a heifer, and a calf (<1 year). 
• The predominant cattle breeds are indigenous breeds: Ankole and local Zebu. 
• An average milk sales price of 26 BIRR (equivalent to US$ 0.59) per liter and minimum and 
maximum values of 22 (US$ 0.5) and 30 BIRR (US$ 0.68) are assumed. 
• A mortality rate of 10% in calves and 2% in adult cows is assumed. 
• Cows have a lifespan of around 7 lactations and are sold at the end of their productive life 
as culled cows at a price of 17,000 BIRR (US$ 386). 
3 Results 
3.1 Ethiopia  
3.1.1 Costs and income 
Table 5 shows the results for some of the economic indicators for Ethiopia for both the IN and FP 
scenarios. The differences in terms of daily milk yields between both scenarios, and the effect on 
the calving interval, leads to an increase in daily milk yields by 60% in the IN scenario compared to 
the FP scenario. This leads to an increase in gross income from milk sales by the same percentage. 
Likewise, the improvement in the calving rate associated with the IN scenario, which is resulting 
from the reduction in the interval between births, allows the producer to receive more continuous 
income from both the sales of milk and calves, and thus improves the income flow of the 
household. Milk is the main source of income from dairy cows, with a participation percentage of 
90% on average for both scenarios. The sales of calves are, however, also an important item within 
the total farm income, making up on average 10% of it. It should be noted that there are other 
sources of income derived from cattle farming, such as manure, which were not considered in the 
present study. 
Table 5. Summary of economic indicators for the IN and FP scenarios in Ethiopia 
Indicator FP IN 
Milk production (l/AU/d) 4.75 5.28 
Milk production (l/AU/y) 724 1159 
Milk production (l/farm/y) 1,449 2,319 
Total gross income (USD/farm/y) 1,024 1,598 
Income from milk sales (USD/farm/y) USD 899  USD 1,439  
Income from weaned calf sales (USD/farm/y) USD 86  USD 121  
Total variable cost (USD/farm/y) USD 1,118  USD 1,061  
Net profit (USD/farm/y) (USD 94.23) USD 537.32  
Unit cost of production of milk (USD/l) USD 0.68  USD 0.41  
Sales price of milk (USD/l) USD 0.59  USD 0.59  
Revenue (USD/l) (USD 0.09) USD 0.18  
In case that the technologies used under the IN scenario are not adequately managed by the 
producer, there could occur an accumulated decrease in biomass production of around 76% by 
year 10 (15%/year), which implies an increase in the variable costs of animal feed production by 
on average US$ 104 per year and farm, reducing the system's utility. 
The costs associated with the new forage technologies refer to their establishment, management, 
and harvest. The cost of establishment was estimated at US$ 234 per hectare (US$ 72 for an area 
of 490 m2) and the maintenance, harvest and cutting at US$ 411 per hectare (US$ 202 for an area 
of 490 m2). The establishment considered the adaptation and conditioning of the land, soil 
preparation, sowing, fertilization and replanting of the forages if needed. In the case of harvesting 
and cutting, the cost of labor is estimated for five cuts per year: three in the rainy season and two 
in the dry season. 
Within the production costs, feed and labor have the highest participation with an accumulated 
percentage of more than 95% (Figure 1). A large part of the feed costs corresponds to fresh forage 
and concentrates. Crop residues also play a fundamental role as animal feed, particularly in the FP 
scenario. Crop residues were valued at 2 BIRR/kg (0.045 US$/kg). In the case of labor, as 
mentioned in the methodology section, the opportunity cost of family labor was considered, 
which, although not effectively paid, in this case would represent the household income. Unit 
production costs are 30% lower in the IN scenario than in the FP scenario, improving the unit profit 
margin by more than six times. 
Figure 1. Production cost structure for the IN and FP scenarios in Ethiopia  
 
3.1.2 Profitability analysis 
The main profitability indicators used in this study are summarized in Table 7. As anticipated in the 
cost and income results, the use of the new forage materials in the IN scenario had a positive 
impact on the NPV at farm level at a real discount rate of 12%, while indicators are negative for 
the FP scenario. 
Table 6. Financial viability indicators for the FP and IN scenarios in Ethiopia (simulation results) 
Indicator  FP  IN  
NPV_mean (US$) (2,066) 1,586  
IRR_mean (%) -17.9 26 
The probability distribution of the NPV for the FP and IN scenarios is summarized in Figure 2. This 
also represents the profitability risk associated with the implementation of IN versus FP. The 
results show that the improvement of the indicators in the IN scenario shifts to the right of the 















Feed cost Labor cost Veterinary services and breeding Miscellaneous
NPV> 0 is obtained, while for the FP scenario profitability is only granted in 2.6% of the simulated 
scenarios. This means that the probability of obtaining negative results is significantly reduced 
under the IN scenario. 
Figure 2. NPV indicator probability density for the IN and FP scenarios in Ethiopia 
 
Figure 3 shows the tornado graphs for the input variables that were detected as relevant for the 
calculation of the NPV for both the IN and FP scenarios. As can be observed, the profitability of 
both scenarios is highly sensitive to changes in daily milk production, which is explained by the 
relevance of this variable on the income flow. Other variables with strong effects on the 
profitability indicators are milk sales prices and the calving interval. Changes in these two variables 
could affect the variance of the NPV indicator by up to 11% and 5%, respectively. 
Figure 3. Tornado graphs for the relevant input variables on the variance of the NPV for both the 





3.2.1 Costs and income 
Table 7 presents the main results associated with costs and income for the IN and FP scenarios in 
Kenya. Income is mainly generated by the sales of milk and weaned calves under a dual-purpose 
production system. As a result of the better animal response indicators in the IN scenario (increase 
in daily milk production of 9.5% and reduction of the calving interval between of 14%), the average 
gross income per year increases by 45% and the net profit by 87 %, respectively. However, both 
scenarios do not result profitable. This is mainly associated with the high costs of labor and animal 
feeding and supplementation, especially in the FP scenario (Figure 4). Animal feeding is based on 
the use of hay, crop residues and natural and improved forages, according to each scenario. An 
important part of the feed cost goes to fresh forage, hay, and crop residues. The latter was valued 
at 8 KES/kg (US$ 0.07/kg). In the case of labor, it has an average participation in the total 
production costs of 56%. The unit production costs of milk are 30% lower in the IN scenario than 
in the FP scenario, improving the unit profit margin by more than ten times. It is important to 
mention that many of the items valued at their opportunity cost, such as the inputs produced on 
farm for animal feed and the use of family labor, are generally not considered by the producers as 
an effective outflow of money, but still must be considered in the estimates. 
Table 7. Summary of economic indicators for the IN and FP scenarios in Kenya 
Indicator FP IN 
Milk production (l/AU/d) 7.40 8.10 
Milk production (l/AU/y) 1,129 1,643 
Milk production (l/farm/y) 2257 3286 
Total gross income (USD/farm/y) 762 1,095 
Income from milk sales (USD/farm/y) USD 730  USD 1,063  
Income from weaned calf sales (USD/farm/y) USD 32  USD 32  
Total variable cost (USD/farm/y) USD 1,058  USD 1,059  
Net profit (USD/farm/y) (USD 295.50) USD 36.01  
Unit cost of production of milk (USD/l) USD 0.45  USD 0.31  
Sales price of milk (USD/l) USD 0.32  USD 0.32  
Revenue (USD/l) (USD 0.13) USD 0.01  
Figure 4. Production cost structure for the IN and FP scenarios in Kenya  
 
In case that the technologies used under the IN scenario are not adequately managed by the 
producer, there could occur an accumulated decrease in biomass production of around 77% by 
year 10 (15%/year), which implies an increase in the variable costs of animal feed production by 
on average US$ 98 per year and farm, reducing the system's utility. 
The costs associated with the new forage technologies refer to their establishment, management, 
and harvest. The cost of establishment was estimated at US$ 215 per hectare (US$ 78 for an area 
of 600 m2), including the adaptation and conditioning of the land, soil preparation, sowing, 
fertilization and replanting of the forages if needed. To maintain the productivity levels constant, 
we assumed maintenance costs of US$ 5 per 600 m2 per year, which include fertilization and weed 
control. For harvesting the forages, we estimated a cost of US$ 30 for per 600 m2 per year, which 
includes six annual cuts: four during rainy season and two during dry season.  
3.2.2 Profitability analysis 
The main profitability indicators used in this study are summarized in Table 8. Under the 
assumptions made in this model, the use of new forage technologies in the IN scenario, allows for 
improving all the economic indicators compared to the FP scenario. These improvements, 
however, are not sufficient to yield in positive economic viability indicators. Both scenarios present 
a negative NPV, as well as an indefinite IRR in FP, since the initial investment in year 0 is never 
recovered during the ten-year horizon of evaluation, and in that sense, a maximum rate of return 
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Table 8. Financial viability indicators for the FP and IN scenarios in Kenya (simulation results) 
Indicator  FP IN  
NPV_mean (US$)  (2,044)  (226) 
IRR_mean (%) Indeterminate 5% 
Regarding the probability of not obtaining financial feasibility of the scenarios, the results of the 
NPV probability distribution are presented in Figure 5, which reflect the amplitude of the variation 
for the NPV indicator. In the scenarios generated during the simulation, for the IN scenario, in 
42.7% of the simulated scenarios suggest that an NPV>0 is obtained, while for the for the FP 
scenario profitability is only granted in 2.9% of the simulated scenarios. 
Figure 4. NPV indicator probability density for the IN and FP scenarios in Kenya 
 
Figure 6 shows the tornado graphs for the input variables that were detected as relevant for the 
calculation of the NPV for both the IN and FP scenarios. As can be observed, the profitability of 
both scenarios is highly sensitive to changes in daily milk production, which is explained by the 
relevance of this variable on the income flow. The correlation between the NPV indicator and the 
milk production variable is positive, meaning that changes in daily milk production affect the 
indicator by about 67%. 
Figure 5. Tornado graphs for the relevant input variables on the variance of the NPV for both the 





The results of the economic evaluation suggest that carrying out intervention processes on farm, 
where forage alternatives with better quality and production characteristics are included in the 
system, can contribute to incentivize dairy and beef cattle production, improve the income level 
of producers, and reduce the level of risk. In both countries, the IN scenario allowed significant 
increases in productivity and profit margins when compared to the FP scenario, indicating the 
interventions to be alternatives to improve the nutritional quality of the diet and as a supplement 
to other local feed resources. This results in a reduction of the costs of using of other 
supplementary feeds. It is important to involve in decision-making the increase of parameters such 
as the calving interval, the daily productivity levels of the cows, and the milk price. Interventions 
aimed at improving these parameters will be widely useful, given their importance for the 
generation of income of many small producers in the region. 
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